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The effects of ginsenosides Rg1 and RbI of Panax
ginseng on mitosis in the onion root tip cells as well as
on the rates of DNA ,RNA and protein syntheses in onion
seedlings were studied.
Results obtained from the concentration and time
course study in bulb and seedling root tip cells indicated
that Rg1 promoted mitosis while Rb1 inhibited it. Both
showed a dose-response effect,
The promoting effect of Rg1 on the rate of DiTA synthesis
was observed at the peak hour which occurred at the same
time as that of the control. On the other hand, Rb 1 was
found to shift the peak hour of DNA synthesis to the later
period of the experiment. These findings were in agreement
with the results obtained from the study of cell cycle by
autoradiography, which showed that RgI shortened the mitotic
cell cycle and S period while Rb1 lengthened theca. They
then in turn increased and decreased the mitotic indices
respectively.
The change of the rates of RNA and protein syntheses
by either Rb1 or Rbi did not elucidate the possible reason
for the increase or decrease of mitotic indices due to
either ginsenoside, Some other factors may be involved.
人 參 皂 甙 Rg1 和
Rb1 對 洋 蔥 細 胞 有 絲 分 裂 影 響 之 研 究
提 要
一 直 以 來 ， 人 參 雖 然 被 視 為 中 藥 之 萬 應 靈 藥 ， 惟 其 生 物 之 影 響 或 作 用 ， 仍 需 待
進 一 步 科 學 研 究 。 本 實 驗 室 研 究 人 參 皂 甙 Rg1 和 Rb1 對 洋 蔥 跟 監 細 胞 有 絲 分 裂 及 對 其
幼 苗 之 DNARNA
和 蛋 白 質 合 成 的 影 響 。 其 結 果 簡 述 如 下 ： :
㈠ 以 不 同 濃 度 的 Rg1 及 Rb1
處 理 根 尖 細 胞 廿 四 小 時 ， 結 果 顯 示 出 它 們 對 細 胞 有 分 裂
含 頡 玩 性 影 響 。 Rg1 能 促 進 細 胞 有 絲 分 裂 ， 在 洋 蔥 鱗 莖 不 定 根 的 情 形 中 ， 分 裂 之
項 峯 在 濃 度 0.006 毫 克 / 毫 升 時 出 現 ； 而 在 洋 蔥 種 子 幼 苗 的 情 形 下 ， 其 濃 度 則 為
0.002 毫 克 / 毫 升 。
Rb1 有 抑 低 有 絲 分 裂 的 作 用 。 也 絲 分 裂 指 數 隨 著 Rb1 濃 度 的
升 高 而 漸 次 下 降 。 Rg1 和 Rb1
均 顯 示 出 有 劑 量 反 應 的 影 響 。
㈡ 時 間 性 的 試 驗 亦 顯 示 出 Rg1 具 促 進 細 胞 有 絲 分 裂 的 作 用 ， 而
Rb1 則 有 抑 低 的 作 用 。
㈢ 在 處 理 完 人 參 皂 甙 Rg1 及 Rb1 後 ， 再 在 蒸 餾 水 中 廿 四 小 時 ， 結 果 顯 示
Rg1 的 促 進 及
Rb1 的 抑 低 作 用 均 有 減 少 。
㈣ 由 放 射 自 顯 術 及 脈 冲 標 記 術 ， 顯 示 出 Rg1 能 將 細 胞 分 裂 的 週 期 由
14.5 小 時 縮
減 為 10.9 小 時 ， 而 S 區 間 則 由 8.7 小 時 縮 減 為
5.6 小 時 ； Rb1 則 延 長 細 胞 週 期 ，
由 14.5 小 時 增 至
17.0 小 時 ， 而 S 區 間 則 由 8.7 小 時 增 至 11.8
小 時 。
㈤ 在 DNA 合 成 的 頂 峯 時 間 ， Rg1
具 有 促 進 作 用 ( 即 是 在 處 理 的 第 六 小 時 ) ； Rb1
則 能 將 DNA
合 成 頂 峯 時 間 ， 由 原 來 之 第 六 小 時 延 長 至 第 十 小 時 或 更 遲 。 Rg1 促 進
DNA 合 成 的 結 果 可 導 致 S
區 間 的 縮 短 ， 繼 而 增 加 細 胞 有 絲 分 裂 指 數 。 同 樣 地 ，
Rb1 延 遲 DNA 合 成 則 會 導 致 S 區 間 的 延 長 ， 降 低 細 胞 有 絲 分 裂 指 數 。
㈥ Rg1 及 Rb1 的 促 進 及 延 長
RNA 和 蛋 白 質 的 合 成 ， 但 其 改 變 並 未 能 顯 示 與 細 胞
有 絲 分 裂 指 數 的 改 變 有 任 何 關 聯 ， 所 以 或 可 能 有 其 他 因 素 存 在 ， 這 將 有 待 更 進 一 步
的 實 驗 研 究 。
㈦ 這 個 實 驗 的 結 果 ， 進 一 步 支 持 了 Han 和 Woo
在 一 九 七 五 年 所 提 出 理 論 ， 認 為 人 參
的 作 用 乃 基 於 每 一 個 細 胞 的 活 動 ， 而 不 是 基 於 組 織 特 殊 性 。 Rg1 和 Rb1 有 類 似 激 素
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Ginseng is now a well-known medicine in Asia as
well as in the west-ern world, The traditional practice
of medicine in Asia, particularly in China and Korea,
regards ginseng as an indispensable medicinal herb
which appears in many written prescriptions to treat
a number of diseases. It is said to be a tonic, to
make healthy people stronger, and to make people a
quicker recovery after illness.
Ao Botany o f ginseng
Commercial ginseng is the dry root of the
plant, which comes from the two species of the
genus Panax in the family Ara.liaceae. They are
P. gins en C, A. Meyer which is the major source
plant of the Chinese and Korean ginseng, and
P. quinquefoli um L. which is the source of
American ginseng. Botanically these two species
are very similar. The primary difference between
them is their native geographic distribution
The former is distributed in the temperate eastern
Asia such as north-eastern China and Korea, while
the latter is found in North America, such as
southern Canada and United States (Gol dstein,
1975; Hu, 1977
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Ginseng is a perennial herb which grows
slowly. It has a fleshy persistent root, a
single annual stem bearing a whorl of palmately
compound leaves, and a terminal simple umbel
of small 5-merous floe, ers. Pea-sized fruits
are developed from the inferior ovaries. The
fruits are berries and become red when ripe.
It is propagated by seed (Goldstein, 1975
Hu, 1977'),
B. Chemical constituents of ginseng
Ginseng extract contains a variety of chemical
substances. A number of such substances were
isolated from the ginseng before 1960, but their
chemical structures could not be deter lined (K_im,
1973). Significant progress, ho:°ever, has been
made in the last 20 years in elucidating the
chemical constituents of ginseng.
The most sophisticated and systemic chemical
studies on ginseng were started after 10'0, By
using different solvent systems, some of ginseng
constituents may be extractable with water,
while the others are primarily soluble in organic
solvents or oils. Thus many chemical constituents
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in the ginseng extract have been successfully
separated with the aid of thin layer chromato-
graphy (TLC) and column chromatography. The
chromatographic technique has been a very
useful tool in separating different kinds of
ginseng saponins whose chemical structures are
similar (Shibata et al., 1963a, b, 1966 Elyakov
et al., 1964). Droplet Counter-current (DCC)
chromatography in company with dual wavelength
chromatogr. am provides a more efficient and
accurate technique to illustrate the ginseng
constituents qualitatively and quantitatively
(Otsuka e 1977). High-speed liquid chromato-
graphy can help to separate the nucleosides in
the ginseng (Hiya:a et al., 1978). Infra-red
(IR), nuclear magnetic resonance (NMR) and mass
spectroscopy, on the other hand, provide the
powerful means for elucidating the structure
of the active principles in the ginseng root
(Hou, 1977), Gas liquid chromatography provides
the technique to identify the sugars in the
ginseng (Miyazaki, 1975). In addition, quantitative
determination of such active principles may be
achieved by usin the TLC densitometer (Sanada
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et al., 1978) or colourimetric methods (Hiai,
et ale, 1975a, b). As- a result, ginseng saponins,
ginseng oils, phytosterols, hormones, carbohydrates
and sugars, organic acids and nitrogenous
substances, amino acids and peptides, vitamins
and minerals as well as enzymes have been
isolated and many of them have been characterized
(Liu, 1965 Hou, 1977). Among these, ginseng
saponins are proved to be the principle
constituents of the root. Accordingly, it is
the saponins that contribute most, if, no't all
of the important pharmacological activities of
ginseng (Petkov, 1968 Brekhman, 1967 Brekhman
and Dardymov, 1969 Han and Woo, 1975 Shibata,
1977). Nowadays studies of ginseng are
concentrated on these effective components.
Saponins, sweet-bitter substances, usually
exist in plants in the form of glycosides known
as saponin glycosides (Tyler, e e A1.9, 1976
Trease and Evans, 1978). They are giant molecules,
extractable from the plant materials with hot
water or alcohols. In general, glycosides can
yield a sugar (glycone) portion and a non-
sugar (aglycone or sapogenin) portion after
hydrolysis. One of the particular properties
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of saponins is that it froms foam upon shaking
and this is the reason why saponin means "soap"
(Trease and Evans, 1978).
A number of saponins have been isolated
and identified from the methanol extracts of
ginseng (Fujita et al,, 1962- Shibata et al.,
1963a, 1966, 1977 Elyakov et al., 1964, 1966
Brekhman, 1967). The Japanese workers, Shibata
and his collaborators, designated saponins from
ginseng as ginsenosides Rx, while the Russian
workers, Elyakov and his co--workers, named them
as panaxosides A-F (Elyakov et al., 1 964., 1966).
Panaxosides A, B and C belong to one group and
can, yield an aglycone called panaxatriol after
acid hydrolysis while panaxosides D, E and
F belong to another group and can yield panaxadiol
(Nagai et al., 1971 Hou, 1977)
Later discoveries showed that panaxadiol
and panaxatriol were artifacts formed by the
action of acid on hydrolysis of saponins. 20-
S-protopanaxadiol and 20--S-protopanaxatriol,
the dammarane type tetracyclic triterpenes,
have been proved to be genuine sapogenins of
ginseng saponins (Tanaka et al., 196-4 Shibata
et al., 1965, 1966 Elyako et al., 1966
Shibata, 1976)
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Until now, 15 ginseng sapo:nins, named
ginsenosides Rx (where, x= o, a, b1, b2, b3,
c, d, e, f, 20-gluco-f, g1, g2, g3, h1, h2)
have been isolated and designated according to
the sequence of R f values of TLC from the
lowest to the highest. The chemical structures
of all the gi nsenosides, except Rg3 and Ph2
have been established (lida et al., 1968
Nagai, 1971, 1972 Sanada et al., 1974a, b,
1978a Shibata, 1974, 1977 Yahara et al.,
1979)
Among the ginsenosides, Rbi, Rb2, Rc, Re
and Rg1 are considered to be the major components,
of which Rb1 and Rg1 are the two most important
ones (Shibata, 1977).
Ginsenoside Rb 1 is composed of an 20-S-
protopanaxadiol and 4 glucose residues, while
Rg 1 is composed of an 20-S-protopanaxatriol
and 2 glucose residues (Shibata, 1977). Their
chemical structures are shown in the following
figures:









Similar ginsenosides have been isolated
from American ginseng and other congeners of
ginseng (Chen and Staba, 1978 Sanada and
Shoji, 1978b). Saponins of similar nature are
also present in the leaves, flowers, buds,
fruits and stems of ginseng (Yahara, 1976a, b,
1979)
C. Pharmacology of ginseng
It is almost impossible to figure out
accurately the early history of the medical
use of ginseng. From the ancient records on
ginseng, we know a little about it being used
as a medicine since time immemorial.
Shen-nung pen ts aoao chin, the first
Chinese pharmacopoiea believed to be complied
in the Late Han Dynasty has concisely stated
the property, habitat and medicinal function
of the ginseng. Hu (1977) translated its
function into English as follows: It is used
for repairing the five viscera, quietening the
spirit, curbing the emotion, stopping agitation,
removing noxious influence, brightening the
eyes, enlightening the mind and increasing the
wisdom.. Continuous use leads one to longevity
with light weight.
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In "Pen-ts'ao kang-mu" (Pharmaceutical
Compendium) by Li Shih Chen, published in 1596,
the properties and clinical functions of ginseng
were fully described. He also stated the diff-
erent prescriptions in company with other drugs
to cure various diseases.
Recently, many pharmacological investigations
have been performed in ginseng. Their results
can be summarized as follows
1. Generally, ginseng extract has antifatigue
activity (Brekhman, 1967 Saito et al., 1974
Takagi et al., 1974).
2. Ginseng is claimed to have an adaptogenic
effect which refers to an increase of reactivity
in stress situation and an increase of the
defense forces of organism. This adaptogenic
effect acts nonspecifically against noxious
effects of physical, chemical and biological
nature (Brekhman et al., 1968 Brekhman and
Dardymov, 1969 Karzel, 1974). Anti-inflammatory
as well as protective effects against toxic
or harmful agents such as mustard gas or X-ray
were also reported (Popov and Goldwag, 1973).
3, Ginseng is reported to accelerate recovery
from disease after a prolonged period of
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adminstration0 It does not show any unwanted
effect and not lead to tolerance (Karzel,
1974 Hu, 1977).
4. Ginseng has the mild regulatory action over
the whole body. It usually possesses
pharmacologically opposite effects such as
central nervous system (C'NTS) stimulant as
well as CNS depressive activities (Takagi
et al., 1972, 1974 Karzel, 1974), hyper--
tensive as well as hypotensive properties
(Karzel, 1974 K uku et al., 1975 Kim Kim)
1979), and hemolytic as t, ell as anti-hemolytic
activities (Liu, 1965, Namba et al., 1973).
Besides, it has been reported that ginseng
can regulate carbohydrate metabolism. As
a result, the blood sugar may be maintained
at the normal level. Thus ginseng has been
used for the treatment of diabetes (Brekhman
and Oleinikova, 1963 Kim et al., 1963
Yokozawa et al., 19?6b).
Moreover, regulation of cholesterol and lipid
metabolism by ginseng has also been reported
(Yokozawa et al., 1975, 1976a Ikehara et al.,
1978 Shibata et al., 1978 Avakian and Evonuk,
1979)0
5Q Some studies have demonstrated that ginseng
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has some effect on circulatory system. Blood
pressure :and heart rate can be regulated after
the ginseng adminstration (Karzel, 1974 Lee
et al., 1978).
6. The organ responsible for ginseng action is
considered to be the thyroid or adrenocortical
pituitary system. However, further studies
should be carried out to verify it (Karzel,
1974 Petkov and Staneva, 1977).
D. Effects o f Einseng on cell activity
Some recent studies have been devoted to
the question of potential effects of ginseng
extract and its constituents on cell viability,
cell growth and cell multiplication, Early
in 1965, Woo et al. demonstrated that the
alkaloid fraction of ginseng, at the concentration
of 20 r/ml, could inhibit the growth of certain
types of cultured cells, namely human amnion
cells (Mascoli's strain), HeLa cells (Carcinoma
uteri) and KB cells (Carcinoma oris). Other
workers reported that ginseng could inhibit
the growth of certain experimental tal tumors, such
as sarcoma 180 and adenocarcinoma 755, while an
experimental leukemia in mice was not affected
(Karzel, 1974).
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On the other hand, Yuan and Chang (1969)
reported that ginseng extract could delay the
degeneration and prolong the post-mitotic life
span of human amnion cells in vitro. However,
other workers found that ginseng had no such
effect (Brittle et al., 1979).
Ginseng extracts were found to be able to
promote DNA, RNA and protein synthetic rates or
contents in the blood, kidney, liver, bone
marrow cells and testes of rats, although the
degree of stimulating effect might be different
in accordance with the different fractions of
the extracts (Ours., et al., 1971, 1972 Nagaswa
et al., 1977 Yamamoto et al., 1974 1977a, b)
The increase in protein synthesis was also
demonstrated cytochemically by electron microscopy
(Oura et al., 1975a),
Yamamoto et al. (1974) demonstrated that
ginsenoside Rg1 could stimulate DNA, protein,
and lipid syntheses in rat bone marrow,, cells
in vivo and testes in vitro but Rb1 did not.
In vivo test, Oura et al. (1975b) obtained similar
result in mouse sera. On the other hand, Shibata
et al. (1976) and Ii jima et al. (1976) reported
a different result. They found that Rb1 could
promote the RNA and protein syntheses in rat
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liver in vivo but Rg1 had no such effect,
Ginseng has been found to promote the
production of various kinds of enzymes, such
as cardiac isocitrate dehydrogenase, mito-
chondrial dehydrogenase (Joo et al., 1976, 1977a)
pyruvc-tte transaminase (Kim et al., 1977b),
L-glutamate dehydrogenase (Kim et al., 1977a),
aldehyde dehydrogenase (Joo et al., 1977b),
serine dehydrogenase (Yokozawa and Oura, 1919),
RNA polym.erase I, II and III (Hiai et al., 1971
Ii jima and Higashi, 1979) and aminoacyl-tPNA
synthetase (Chang et alo, 1976).
Some effects of ginseng saponins on the
level of ATP, ADP, P14P and NADPH were also
reported (Joo et al., 1976).
Fulder (1977) studied the effects of ginseng
extract on the growth of human fibroblasts in
vitro. He was curious to find whether the
effects of ginseng took place only through the
endocrine system such as adrenocortico-pituitary
system or thyroid gland as suggested by Karzel
(1974). His results showed that ginseng had
a dose dependent mitogenic action on cultured
cells. Thus he concluded that ginseng might
glutamate oxaloacetate transaminase, glutamate-
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have dual effects on cell growth, not only to
stimulate cell division in an adequate nutritional
environment, but also to act cytostatically
under adverse conditions. At the same time, he
suggested that the toxic effect of ginseng reported
by Vloo et al. 1965) could be due to the high
dose which was toxic. He also suggested that
the effect of ginseng extract might be primarily
on macromolecular synthesis since the stimulating
effect of ginseng on RNA and protein syntheses
in rat liver has been reported (Oura et al.,
1971, 1975b).
Recently, Tong and Chao (in press) have
shown that ginsenoside Rgi could promote mitosis
in human lymphocytes with the aid of a mitogenic
lecti n.
E. Aims of this study
Most of the pharmacological activities of
ginseng may affect the functions of several
organs simultaneously in an animal body. Due
to such complication, the findings of the effects
of ginseng in animals are sometimes contradictory.
At present, there is no definite conclusion
whether the effects of ginseng on the syntheses
of carbohydrates, lipids, proteins etc. are due
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to the local response at the cellular level
or mediated through the endocrine or nervous
system. Studies of the effects of individual
components of ginseng at the cellular level in
organism without endocrine and nervous system
can simplify the matter.
As mentioned previously, ginsenosides
Rg1 and Pb1 are the two main saponins of ginseng
and they show some opposite effects. Reports
of their biochemical effects in animals are
not consistent (Shibata et al., 1976 Oura
et al., 197-b- Ii jima. et al., 1976 Yamamoto
et al., 1974, 1979). Thus experiments can be
designed to test the effects of Rg1 and Rb1 on
cell division and biosynthesis of macromolecules
in an organism whose structure is simplier and
physiology is quite different from that of the
animal.
In addition, Fulder's study (1977) indicated
that ginseng extract could have hydrocortisone-
like effect on mitosis and he suggested that
this extract might contain substance(s) analog
to the corticosteroid. It is prudent to test
the effects of Rg1 and Rb1 in a kind of cells
which are quite different from the human fibro-
blasts. Therefore the plant was considered as
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the experimental material to study the effects
of these two ginsenosides as no work has been
carried out on the effects of ginseng in plants.
The root of Allium ceDa has been extensively
used for cytological studies (Jensen and
Kaval jian, 1 958 Van' t Hof, 1965b), especially
in the studies of effects of chemicals on mitosis
(De Leo et al., 1973 Kabarity et a1.) 1976
Garcia-Herdugo et al., 1977 Furmanowa and
Oledzka, 1978). Therefore we decided to use
Allium cepa as our material in this study.
Besides, a number of experiments revealed that
ginseng extract could affect the length of DNA
cycle (Choi and Kim, 1971, 1973 Cheung and Kim,
1972). Thus experiments were carried out to
study the effects of Rg1 and Rb1 on mitosis,
durations of mitotic cell. cycle and DNA synthetic
(S) period in root tip cells as well as the
synthetic rates of DNA, RNA and protein in
seedlings of Allium cea (onion). This paper
reports the results of these experiments.
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II. EFFECTS OF GINSENOSIDES IRE AND Rb ON MITOSIS IN
ONION BULB ROOT TIP CELLS
A. Materials and methods
In this study, onion bulbs were secured from
local market. Lower portions of onion bulbs were
placed in a tank of aerated distilled water. When
the roots grew to about 1.5 to 2.0 cm long, they
were used for treatment. Ginsenosides Rg1 and Rb1
were kindly provided by Professor S. Shibata of
the Meiji College of Pharmacy, Tokyo. 6.27 mg
of Rg1 or 5 mg of Rb1 were dissolved into 20 ml of
double distilled water as stock solution. Different
concentrations of. Rg1 and Rb1 were prepared by
diluting the stock solution with double distilled
water just prior to treatment. All treatments were
carried out in a laboratory kept around 25°C and
started at 1:30 p.m..
After the treatment, the roots were fixed in
acetic-ethanol (1:3 v/v). They were then washed
t,ith 70°/0 ethanol. Feulgen squash technique (Jensen,
1962) was employed to make slides for microscopic
observation. The roots were hydrolysed with 1 N
HCl at 60°C for 11 minutes and stained with Feulgen
reagent. Only darkly stained portion of each root
(about 1 -2 mm in length) was used for slide
preparation. For each treatment, about 1000 cells
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were examined in each of five roots, making a
total of about 5000 cells. Mean values per root
together with the standard derivations were even
in the results. Mitotic index
No, of dividing cells
x100ma
Tota1 no. of cells counted
and percentages of different mitotic stages were
then determined. Student's t--test was used to
determine the level of significance of the diff-
erences between each treatment and the control.
Thus the mean, the standard deviation and the level
of significance of difference were calculated for
each treatment (Remington and Schork, 1970)0
Studies of the concentration and time course
effects of Rg1 and Rb1 on mitosis in onion bulb
roots were carried out as follows:
1. concentration effect
Da-? fferent bulbs were treated with the following
concentrations of Rg1 and Pb1: 0.000 (control), 0.001,
0.002, 0.001., 0.006, 0.008 and 0.01 mg/ml of water.
All treatments were started at 1:30 p.m..
After 24 hours, several roots of each bulb
were fixed in acetic-ethanol. The remaining
roots were washed with distilled water and then
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groom in aerated doulble distilled water for
another 24 hours before being fixed.
2. Time course effect
In this study, concentrations of ginsenosides
used were as follows:
Rg1: 0.004, 0.005, and 0.006 mg/ml of water.
Rbl: 0.002. 0.006, and 0,010 mg/ml of water.
The roots were fixed at the following hours of
treatment:
0 hr. ( 1:30 p.m.)
3 hr. ( 4:30 P.m.)
6 hr. ( 7:30 p.m..)
10 hr. (11:30 porn.)
18 hr. ( 7:30 a.m.)




The MI and percentages of different
stages obtained from the roots treated with
different concentrations of Rg1 for 24 hours
were tabulated in Table 1 and graphed in
Figure 1. These results indicated that
i) mitotic indices of the roots treated with
Rgl at the concentrations of 0.002 to
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0.006 rig/ml were significantly higher
than that of the control,
ii) the highest MI was observed at the con-
centration of 0,006 mg/ml (about 66.0%
higher than that of the control), and
iii) as shown by the percentage figures of
different mitotic stages, Rg1 did not
block the dividing cells at any particular
mitotic stage.
The results obtained from the roots
treated rrith different concentrations of
Rg 1 for 24 hours followed by 24-hour growth
in double distilled water were summarized
in Table 2 and Figure 2. It could be seen
that mitotic indices of the treated roots
were lower than that of the control at all
concentrations. Significant differences
were found at the concentrations of 0.002,
09006, 0,008 and 0.01 mg/ml.
For comparison, the graphs of mitotic
indices shown in Figures 1 and 2 were combined
in Figures 3. It was clear that the promoting
effect of Rg1 on mitosis was diminished after
2L--hour growth in the distilled water. In
fact, at the concentrations of 0.002, 0.006,
0.008 and 0.01 mg/ml, the mitotic indices
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of the treated roots were even significantly
lower than that of the control ones. The
exceptionally low mitotic division in roots
at the concentration of 0.008 mg/ml might
be due to sampling error or other unknown
reasons.
(b) Rb1
The results of the effect of different
concentrations of Rb 1 (24-hour treatment)
on mitosis in onion bulb root tip cells
were presented in Table 3 and Figure 4.
It could be seen that mitotic indices
decreased as the concentrations of Rb1
increased. Highly significant differences
(P<0.001) were found at the concentrations
of 0.006 to 0.01 mg/ml.
The mitotic indices scored from the
roots treated with Rb1 for 24 hours followed
by 24-hour growth in double distilled water
were still significantly lower than that
of the control at all concentrations (Table
4 & Fig. 5). Inhibitory effect of Rb1 on
mitosis was also somewhat erased after the
roots were grown in dater for 24 hours after
the Rb1 treatment (Fig. 6).
In both experiments, the percentage
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figures of different mitotic stages also
told us that Rb1 did not accumulate mitotic
cells at any particular stage (Tables 3
4 and Figs. 4 & 5).
(c) Comparison of effects of Rg1 and Rb1
From the results presented here, we
might conclude that these two ginsenosides
had opposite effects on mitosis in onion
bulb root tip cells Rg1 could promote
mitosis while RbI could inhibit it. In both
ginsenosides, there was a dose-response
relationship. In the case of Rg1, the
most effective concentration in promoting
mitosis was around 0.006 mg/ml, while in
the case of Rb1, progressive decrease in
mitosis was evident as its concentrations
increased progressively (Fig. 7).
However, after the treated roots were
grown in water for 24 hours, the promoting
effect of Rg1 on mitosis was levelled off.
The mitotic indices were even significantly
lower than that of the control at most
concentrations (Table 2 & Fig. 3). This
indicated the decreasing of mitosis in the
treated roots after a period of high rate
of cell division. The inhibitory effect
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of Rb1 on mitosis was still evident after
the treated roots were grown in water for
24 hours, but mitotic indices of the Rb1-
H2O-treated roots were higher than that
of the Rb1-treated at all concentrations
except at the concentration of 0,001 mg/ml
(Table 4 & Fig. 6).
In comparison of the effects of Rg1
and Rb1 on mitosis in the roots grown in
water for 24 hours after 24-hour treatment,
differences between them were not significant
(Fig. 8). This indicated that the effects
of these ginsenosides on mitosis were no
longer in the opposite manner although
somehow higher mitotic indices were present
due to the ginsenoside Rg1 (c.f. Fig.7
& Fig. 8).
2. Time course effect
The results obtained in this study were
presented in Tables 5 and 6 and Figure 9.
Mitotic indices in roots treated with different
concentrations of Rg1 for. 6-24 hours were
significantly higher than those of the control
in most cases (Table 5). The results were not
only in agreement with those of the previous
ones but also indicated that the promoting
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effect of Rg1 on mitosis was evident within
about 6 hours and reached the peak at 18-hour
of treatment.
Mitotic indices in roots treated with
different concentrations of Rb 1 were lower
than those of the Rg1-treated from 10- to 24--
hour of treatment except in one case (Fig. 9).
But they were higher than those of the control
especially at 18-hour (Table 6). The unexpectedly
higher MI in the Rb1-treated roots than in the
control contradicted the previous results
(Table 3).
Within 24 hours of treatment, there were
two mitotic peaks in five out of seven treatments
(Fig. 9). In the roots treated with Rg1 at
0.005 mg/ml, there was only one peak which
occurred at 18-hour. In the control, there
was no evident mitotic peak within 24 hours.
According to Jensen and Kavaljian (1958) and
Bishop and Klein (1971), normally there are
two maxima of cell division in onion bulb roots
within 24. hours. The time at which the peaks
occur depends on the difference in varieties
and the condition of cultivation. Thus, in
this study, the occurrence of two mitotic peaks
in roots of each treatment should be normal
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one. Due to the limited number of roots of the
control bulb, its root sample size was smaller
than those of the treated ones, especially at
the later hours (Tables 5 & 6). Therefore, the
sample error of the control seems inevitable.
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III. EFFECTS OF Rg1 AND Rb1 ON MITOSIS IN ONION SEEDLINC
ROOT TIP CELLS
In the previous experiments, roots grown from
onion bulbs were used to test the effects of Rg1 and
Rb1 on mitosis, All onion bulbs were secured from
local market. A sizable number of homogenous roots
could be raised from a single bulb. All the bulbs
were carefully selected and screened before used for
treatment. However, uniformity of different bulbs
used in the experiments could hardly be assured.
On the other hand, large number of uniform onion
roots could be obtained from seedlings germinated
from seeds of a commercial variety. Thus seedlings
were used in the studies of the effects of Rg1 and
Rb1 on DNA, RNA and protein syntheses. Furthermore,
physiological condition of the cells of seedling roots
might be somewhat different from that of bulb roots.
For these reasons, effects of Rg1 and Rb1 on mitosis
were further studied in the seedling root tip cells.
A. Materials and methods
Seeds of the variety Texas Early Yellow
Grano 502, purchased from the Dessert Seed Company,
California, were used throughout the experiments.
They were sterilized with O.05% Clorox solution
for 20 minutes at 11:00 a.m.. After washing with
distilled water for several times, they were soaked
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in the distilled water for one day in an incubator
maintained at 25°C. Bishop and Klein (1971)
suggested that the wave in cell division pattern
was dependent on the time to start the germination
(i.e. imbibition). Therefore, we chose 11:00 a.m.
to start the germination of seed with the intention
of having a peak of mitosis at about 1 to 2 p.m..
The seeds were germinated on the moist filter paper
in petri dishes in an incubator at 25°C.
When the roots of seedlings reached about 1.5
cm long, the tiny seed coat together with the
haustorial tip of cotyledon and small endosperm
were removed. Then they were ready for the treatment.
According to Bryant (1969), mitosis in the onion
seedling root tip cells is stabilized when the
root grows to about 1.5 cm long. Treatments were
started at 1:30 p.m..
For each treatment, six roots were used to
make six slides by Feulgen squash technique for
cytological study. Over one thousand cells were
examined for each root o Mitotic indices and
percentage of mitotic stages were then determined.
Studies of concentration and time course
effects of Rg1 and Rb1 on mitosis of onion seedlings
were carried out:
1. Concentration effect
The roots of onion seedlings were treated
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with the following concentrations of Rg1 and
Rb1: 0,000 (control), 0.001, 0.002, 0.004,
0,006 and 0001 mg/ml. After 24 hours of
treatment, six roots were fixed.
2.Time course effect
In this study, seedlings were randomly
divided into three groups. One group of
seedlings was treated with Rg1, the other Rb,,
both at the concentration of 0.00 mg/ml, and
the remaining group .was i3a double distilled water
as control. Roots were fixed at the following
hours of the treatment:
0 hr. ( 1:30 p.m.)
3 hr. (4:30 p.m.)
6 hr. ( 7:30 p.m.)
10 hr. (11:30 p.m.)
( 7:.30 a. m,18 hr.




Mitotic indices and percentage of
different mitotic stages obtained from
seedling roots treated ,I, ith different
concentrations of Rg were given in Table 7
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and Figure 10. These results were similar
to those obtained from the bulbs roots,
i.e. Rg1 could significantly promote mitosis,
which was dose dependent. The most effective
concentration in promoting mitosis in
seedling roots was found to be around 0.002
mg/ml, which was lower than that obtained
from bulb roots. In the latter, the optimal
concentration was found to be 0.006 mg/ml
The mitotic indices then levelled off as the
concentrations increased. However, no
inhibitory effect of Rg1 on mitosis was
observed even at the highest concentration
0.01 mg/ml (Fig. 10). .As shown in the
percentage figures of different mitotic
stages, Rg1 did not arrest mitotic cells
at any particular stages, although the
figures fluctuated somewhat in prophase
and ana-telophase (Table 7 & Fig, 10)e
(b) Rb
The inhibitory effect of Rb1 on mitosis
in seedling roots was clearly indicated in
the results tabulated in Table 8 and graphed
in Figure 11. Mitotic indices decreased
progressively as the concentrations of
Rb1 increased. When the concentration
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reached to 0,004 mg/ml, the mitotic index
dropped sharply. The percentage figures
of different mitotic stages also showed
no accumulation of mitotic cells at any
particular stages (Table 8 & Fig. 11).
(c) Comparison of effects of RP1 and Rb1
The opposite effect of Rg1 and Rb1
on mitosis was clearly indicated in Figure
12. The stimulatory action of Rg1 was
most effective at concentrations around
O.O02 to 0.004 mg/ml, while the inhibitory
action of Rb1 was very significant at
0.004 mg/ml and above.
2, Time course effect
The mitotic indices scored in these three
experiments at different intervals were given
in Table 9 and Figure 13, Mitotic periodicity
in root tip cells was clearly shown in the
control as well as in the treated groups. In
all the three cases, mitotic indices dropped
drastically in the first several hours, reaching
minimum at 3-hour of treatment in the control,
6-hour in both the Pg1- and Pb1-treated samples.
Then mitotic indices increased again, approaching
maximum at 18-hour in the control and Rb1-
treated samples and 24-hour in the Pg1-treated
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one. Thus after 2L hours of treatment, mitotic
index of the control was significantly lower
than that of the Rg1-treated population but
significantly higher than that of the Rb1-
treated one. The opposite effects of Rg1 and
Rb1 on mitosis were evident at this time, which
was in agreement with the results obtained in
the previous experiments. Except in few cases,
mitotic indices of the control were generally
lower than that of the Rg1-treated sample and
higher than that of the Rb1-treated one at
different intervals of treatments, From the
percentages of different mitotic stages, it
was also clear that neither ginsenoside arrested
the mitotic cells at certain stage.
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IV. EFFECTS OF R r. AT, D I Rb, ON THE DURATION OF THE MITOTIC
CELL CYCLE
It has been reported that ginseng extract could
shorten the mitotic cell cycle and all phases of the
DNA cycle (Choi and him, 1971, 1973 Cheung and Kim,
1973 Kim and Kim, 1972, 1973). The results presented
in the previous two sections indicated that ng1 and
Pb 1 could affect the mitoses in onion bulb and seedling
root tip cells. It is interesting to know whether these
two ginsenosides could, have some effects on the length
of the mitotic cell cycle arid its components of these
cells. This study was carried out to determine such
effect.
Determination of the duration of mitotic cell
cycle and S phase was based on the methods developed
by Quastler and Sherman (1959), Van't Hof (1965a, b),
!limber 1966) and I:uroki and Tanaka (1973)
A. Matey ials and methods
The experiment was carried out in a laboratory
at around 25°C. Foots of onion bulbs were groNn
in the usual manner. Before treatment, sample roots
of individual bulbs were checked cytologically to
insure the uniformity of all the bulbs. The bulbs
were then randomized for treatment.
When the roots were 1.0 to 1.5 cm long, they
were pulse labelled with 3H-thymidine (3H-TdR
33
specific activity 2.0 Ci/mM, Radiochemical Centre,
Amersham) at the concentration of 4 uCi/ml of
water for 30 minutes. After washed thoroughly
with distilled water, roots of one bulb were allowed
to grow in the double distilled water as the control
and those of the other two bulbs in Rg1 and Rb1
solution separately, both at the concentration of
0.004 Mg/Ml. Samples consisting of one to two
roots of each bulb were fixed in acetic-ethanol
at intervals of two hours up to 24 hours after
pulse labelling.
The roots were hydrolyzed with 1 N HCl at
60°C for 11 minutes and then stained with Feulgen
reagent. The deeply stained portion (about 1.5 mm)
of each root was squashed on a slide with a drop
o f 45% acetic acid. The cover slip was removed by
the dry-ice method and all the slides were air
dried in the absence of dust for autoradio graphy.
Kodak gelled NTB2 emulsion was melted at
about. 40°C in the dark room (Bogoroch, 1972;
Kopri is and Lablond, 1962). The emulsion was
diluted with one part of warmed distilled Atwater.
Each slide was coated with a layer o emulsion by
quickly dipping into the emulsion. The slides were
allowed to dry in a vertical position for about
one and half hours in the dark. They were then
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stored in slide boxes containing silica gel and
sealed with black adhesive tape and exposed for ten
days in a refrigerator at 4 °C. The slides were
developed in D--72 developer for 1 .5 minutes and
fixed in F-5 fixer for 10 minutes and then washed
in running water. All these -'rocessing procedures
sere carried out at 18°C. They were then dehydrated
and mounted in a balsam.
Labelled and non-labelled cells at different
mitotic stages were counted. Over one thousand
mitotic cells in each slide .x ere scored, from
which the proportions of labelled cells at early
prophase and metaphase were calculated.
B Results
The numbers of labelled and non-labelled cells
at different mitotic stages in the control. Rg1 -treated
and RbI- treated roots were given in Tables 1 0, 11, and
1P respectively together with the percentages of the
labelled cells at early prophase and metaphase.
The curves in Figures 14, 15 and 16 represented
the variations of percentages of labelled early
prophase and metaphase cell versus the time after
pulse labelling in the control, Rg 1 -treated and Rb1-
treated roots respectively. The duration of the
mitotic cell cycle was then measured by the 50
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intercept on the first and second ascending curve
(Kuroki and Tanaka, 1973 Vvimber, 1966 Prescott,
1976) and that of the S period by 50% intercept
on the first ascending and decending curves minus
0.5 hour labelling time (Van't Hof, 1965a, b),
The duration of total mitotic cell cycle, S period
and (G1 +G2+M) duration from the early prophase
and metaphase data were summarized in the following
table:
Duration in hoursTreatment
Mitotic cell. Cycle S period
AveMEPM AveEP
Control 1L.6 1L .LF 9.5 7.9 ) 5.8F3.714.5
10.911.610.2 5.3)5.5 5A7 5.6
Rg1
Rb1 11.7 11.9 11.817.2 17,01 16.8 5.2
Both the mitotic cell cycle and S period of
the Rg1 -treated roots were significantly shorter
than those of the control, Nhile those of the
Rb1 -treated roots Were longer than those of the
control. All the three experiments showed the
similar value for G1+G2+N although it war
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greater in the control and smaller in the Rg1-
and Rb1 -treated roots.
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V. E FECTS OF Rg AND Rb ON THE RATE OF DNA RNA D
PROTEIN SYNTHESES
A. Materials and methods
Seeds were germinated in the way as mentioned
before. When the seedlings were about 2 to 3 cm
long (roots were about 1.0 to 1.5 cm in length),
the tiny seed coat together with the haustorial tip
of the cotyledon and endosperm were removed. The
seedlings were then used for treatment and extraction
because of the difficulty in treating only the roots
for such a large number of seedlings. Duplicate
experiments were performed in each test,
1. Rate of DNA synthesis
One hundred seedlings were selected for each
treatments Seedlings were treated with Rg1 or
Pb1 at 0.004 mg/ml concentration for 0, 3, 69
10, 18 or 24 hours, All the treatments were
started at 1:30 p.m. and the seedlings were
weighed just before the treatment. For each
treatment, except 0 hour, seedlings were pulse
labelled with 3H--TdR (specific activity 2.0 Ci/mM
Radiochemical Center, Amersham) at 0.5 Ci/ml
of solution for the last 2 hours of treatment
period (Furmanowa and Oledzka, 1 978). Seedlings
collected at 0-hour were only pulse labelled
with 3H-TdR for 2 hours. After the treatment,
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all seedlings were fixed in the neutral, buffered
formalin at least for 3 hours at 4°C in a
refrigerator. The procedures of DNA extraction
and counting of the radioactivity Were mainly
those of Bloch et al. (1967). After washed with
70% ethanol, seedlings were hydrolyzed in 10 ml
of 1 N trichloroacetic acid (TCA) at 60°C for
25 minutes and washed v ith 10 ml of 70% ethanol,
Afterwards, the seedlings were homogenized with
2 ml of absolute ethanol. After centrifugation,
0.5 ml of the resultant supernatant, the TCA-soluble
fraction, was used for radioassay. The precipitate
was further incubated with 2 ml of 0.3 N KOH at
37°C for 12 hours. After centrifugation, 0.5 ml
aliquot, the TCA-insoluble fraction, was taken
for radioassay. Total incorporation of 3H-TdR
was the sum of the TCA-soluble and TCA-insoluble
fractions. The scintillation medium was propared
by adding 0.4% 2,5-diphenyloxazole (PPO) and
0.01% 1, 4-bis-2- (5-pheryloxazolyl )-benzene (POPOP)
into the reagent grade toluene and triton X-100
in 2 to 1 ratio. Half ml of aliquot was added
to 6 ml of scintillant and counts per minute
(cpm) were recorded by a Beckman liquid scintillation
counter.
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2. Rate of RNA synthesis
Fifty seedlings were selected for each
treatment. both Rg1 and Rb1 were used at 0.OO4
mg/ml concentration. Labelling of RNA was achieved
by using 5-3H-uridine at the concentration of
0,5 uCi/ml (specific activity 5.0 Ci/mN,
Radiochemical Center, Amersham). The following
two tests were carried out:
(a) 6-hour time course effect
Groups of seedlings were treated with
Rg1 or Rb1 together with 3H-uridine for 0,
11 2, 3, 5 or 6 hours. This test was designed
to find out:
i) the effects of these two ginsenosides on
RINNA synthesis in the initial 6 hours of
treatment, and
ii) the optimal labelling period for the 24-
hour time course experiment.
b) 24-hour time course effect
The treatment of seedlings with ginseno-
side solution was started at 1:30 p.m and
lasted for 0, 3, 6, 10, 18 or 24 hours, The
3H-uridine was added into the solution for
the last 6 hours (De Leo et al., 1973).
Seedlings fixed at 0-hour were labelled with
3H-uridine in double distilled water for 6
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hours only and those fixed at 3-hour war ere
grown in water containing 3H-uridine for 3
hours and then added with ginsenoside solution
for the last 3 hours. This experiment was
designed to find out the effect of Rg 1 and
Rb1 on RNA synthesis in different treatment
times.
Methods of extraction of RNA and radio-
assay were mainly those of De Leo et al. (197-3).
Seedlings of each treatment were fixed with
4 ml of absolute ethanol for at least 3 hours
in a refrigerator at 4 C. They were then
ground with 2 ml of ethanol a After centri-
fugation, the supernatant was collected for
radioassay of the soluble fraction, The
precipitate was aiiashed with 2 ml of ethanol:
ether (1:1) mixture for 10 minutes, 2 ml of
80% ethanol for 10 minutes, and then 2 ml
of 5% TCA for I` minutes. The final precipitate
was then hydrolysed in 2 ml of 0,3 N KOH at
3700 for 12 hours, The hydrolysate was stirred
and centrifuged. The resultant supernatant
was used for radioassay of the incorporated
fraction. For both soluble and incorporated
aliquots, 0.5 ml of solution was used for
radioassay.
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3. Rate of protein synthesis
In this study, only 30 seedlings were
used in each treatment and L-(4t5-3H)-leucine
(0.002 j Ci/ml, specific activity 1,0 Ci/mM,
Radiochemical Center, Amersham) was used
as the protein precursor. In this study,
time course effect in the ways as RNA were
carried out. The procedures of protein
extraction and measurement of radioactivity
were the same as outlined in RNA,
B. Results
1. Rate of DNA synthesis
The rate of DNA synthesis was determined
by the incorporation of 3H--Tdn into the cells,
Total incorporation was the sum of TCA-
soluble and TCA-insoluble fractions.
(a) P
The results obtained in this study
were tabulated in Table 13 and graphed
in Figure 17. In both the control and
Pgl -treated seedlings, the peak of the
uptake of 3H--TdR occurred at 6-hour of the
treatment (Fig. 17). The uptake of
3H-TdP was greater in the treated than
in the control materials at 3- and 6-
hour. Similar values of uptake were
found in the control and treated ones
in the remaining hours (Table 13).
(b) Rb1
The time course effect of Rb1 on
the rate of DNA synthesis was presented
in Table 14 and Figure 18. From figure
18, vie can see that the peak of DNA
synthesis in the control occurred at 6
hour, while in the treated seedlings, the
high rate of DNA synthesis maintained
from 10-hour to 18-hour. Besides, We
can also see that the uptake of 3H-TdR
in the treated seedlings was greater
than in the control ones at all hours
except at 6 (Table 14).
From the above data, one might interpret
that Rg1 could promote D A synthesis but affected
little on the pattern of its biosynthesis
(Fig, 17), On the other hand, Rb 1 prolonged
the DNA synthetic period to a certain extent
(Fig. 18). These findings were generally in
agreement with the data obtained from the
study of the effect of Rg1 and Rb1 on the
mitotic cell cycle and S-period by auto radiography
(Fies. 14-16 Tables 10-12).
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2. Rate of RNA synthesis
The rate of RNA synthesis was determined
by the incorporation of 3H-uridine into the
RNA of the seedlings in the TCA-insoluble
fraction (De Leo et al., 1973).
(a) Rg1
i) 6-hour time course effect
she results were given in Table
15 and Figure 19, The amount of -3H-
uridine incorporated into the TCA_
insoluble Traction of iNA increased
rapidly during the first 3 hours in
both the treated and control seedlings,
From 3 to 6 hours, this increase was
relatively small and a plateau was
reached at the last hour in the treated
seedlings (Fig., 1 9). A decrease in
the incorporation in the control ones
at the last hour might be due to the
experimental error. Thus a steady state
was established with the tracer entering
into, and leaving the endogenous pools,
and incorporated into products within
6 hours (De Leo, 1973). Therefore,
6-hour was chosen as the labelling
period in the following 24-hour time
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course experiment,
over the first 2 hours, there
was no difference in the amount of
incorporation of 3H-uridine between
the treated and control seedlings.
However, this incorporation showed
about 30% decrease at 3- and. 5-hour
in the treated seedlings when compared
with the control ones. It showed no
difference in the incorporation ratio
in the treated and control seedlings
(Table 14). Thus we might conclude
that Pg1 exerted some inhibitory effect
on RNA synthesis in the last few hours
of treatments
ii) 24-hour time course effect
3H-
The results of the uptake of
uridine at different times of treatment
were presented in Table 16 and Figure
20.
In the control seedlings, the peak
of the rate of incorporation of 3H-
uridine into the TCA-insoluble fraction
of RNA occurred at 3-hour, but from
3- to 10-hour, the rate of Ri1A synthesis
lessened abruptly. Thereafter, it
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kept at a relatively stable state.
In the Rg1-treated seedlings, the rate
of incorporation of 3H-uridine into
the insoluble fraction of RNA decreased
gradually throughout the whole experiment
(Fig. 20). The rate of incorporation
of 3H-uridine was higher in the treated
seedlings than in the control ones
from 10 to 18 hours, especially at 10-
hour, at which time the total uptake
was about 50% higher (Table 16).
On the other hand, no great
difference in the incorporation ratio
between the treated and control seedlings
was found although there was slight
increase at 6-hour and decrease at 24-
hour in the treated ones (Table 16).
The above results indicated that Rg1
could affect the RNA synthetic pattern in
terms of time of treatment.
b) Rb1
i) 6-hour time course effect
The amount of incorporation of
3H-uridine increased rather rapidly
from 0- to 5-hour in the treated ones
(Fig. 21). Somehow higher incorporation
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of 3H-uridine in the treated than the
control was found in 1- and 5-hour
but significantly lower at 2- and 6-
hour. At the same time, slight decrease
in the incorporation ratio at 1- and
5-hour was found in the treated
seedlings but no great difference at
other hours was shown (Table 17). The data
fluctuated on the whole experiment,
Thus no definite conclusion could be
reached concerning the effect of Rg1
on RNA synthesis in the initial 6
hours of treatment.
ii) 24-hour time course effect
With reference to Table 18 and
Figure 22, we could see that an increase
in RNA synthesis by Rb1 occurred only
at 3-hour of treatment (Fig. 22). At
this time, about 12,50% increase in
the uptake of 3H-uridine in the in-
corporated fraction was observed in
the treated seedlings as compared with
those of the control. After the increase
in RNA synthesis at relatively short
period of time, the rate of RNA synthesis
lowered and approached the value of the
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control at 6-hour and was slightly
lower at 24-hour. The incorporation
ratios did no t sho1.11 great difference
bets. een the treated and control
seedlings (Table 18). As a whole Pb1
exerted less effect on PNA synthesis
in onion seedlings in comparison with
that of Rg1.
3, gate of protein synthesis
The rate of protein synthesis was
estimated by the incorporation of 3H-leucine
(De Leo et al., 1973). both Pg1 and Rb
1
were used at 0.004 mg/ml concentration.
For each ginsenoside, two experiments were
also carried out, namely 6-hour and 24-hour
time course studies.
(a)Rg1
1) 6-hour time course effect
The results obtained from this
study were tabulated in Table 19 and
graphed in Figure 23. The rate of
3H-leucine incorporation into TCA-
insoluble fraction of protein increased
greatly in the first hour in both the
treated and control seedlings o From 2
to 6 hours, the increase in incorporation
48
was steady, except at 3-hour in the
control seedlings. A plateau was
established after about 5 to 6 hours
of treatment (Fig. 23). Therefore,
6-hour labelling time seemed to be
suitable (De Leo et al., 1973).
Greater rate of incorporation of
3H-leucine was observed in the Pg1-
treated seedlings than in the control
ones in the first few hour's of treatment.
11-Meanwhile, no greet, change in incorporation
ratio was observed except at 5-hour
(Table 19). This result indicated that
Pg1 could accelerate the protein synthesis
in the first few hours of treatment.
24--hour time course effect11.)
The results were given in Table
20 and Figure 24. In this experiment,
highest rate of protein synthesis was
found to be at 0-hour (i.e. 1:30 p.m.)
in both treated and control materials.
During the whole experiment, the in-
corporation rate of 3H-leucine into
the TCA-insoluble fraction decreased
continuously (Fig. 24). The 3 H-leucine
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incorporation was found to be higher
in the treated material than in the
control at 24--hour of treatment only.
The reverse was true at 6 and 10-hour
of treatment. At the same time, no
great difference in the incorporation
ratios between the treated seedlings
and the control ones was observed
(Table 20).
(b) Rb
i) 6-hour time course effect
The results were shown in Table
21 and Figure 25. The amount of the
3H-leucine incorporation in the TCA-
insoluble fraction increased rapidly
in the first 3 hours both in the
treated seedlings and in the control
ones. Thereafter, the increase
became slower in both materials (Fig.
25).
The differences in the in-
corporation of 3H.-leucine between the
treated and control seedlings were
relatively small except at 1- and 2-
hour. At 1-hour, the rerc entage of
incorporation was lower in the treated
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seedlings than in the control ones.
The reverse was true at 2-hour.
Again, there was no great difference
in the incorporation ratios between
the treated and control seedlings
(Table 21).
The results indicated that Rb 1
did not have much effect on the
protein synthesis in the first 6 hours
of treatment.
ii) 24-hour tine course effect
In this study, the highest rate
of protein synthesis was found to be
at around 3-hour (L. e.at 4: 30 p. m.,
Fig. 26). After that, the rate of
protein synthesis dropped sharply
until 10-hour. In the following 14
hours, quite stable rate of incorporation
was established. The 3H-leuci ne in-
corporation rate , as found to be higher
in the Rb1- treated than in the control
during the whole experiment (Table 22).
However, the incorporation ratios
were similar in the treated and the
control seedlings.
The results indicated that Rb1 had
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accelerating effect on the rate of
protein synthesis during the whole




A. Effects of Rt1 and Rb1 on mitosis
In this study, mitotic index was used as an
indicator of the rate of cell proliferation (Chung
et al, 1973) in onion root tip cells. In the case
of Rg1, both the concentration and the time course
tests showed the increase in mitotic index in either
bulb or seedling root tips cells (Tables 1, 5, 7, 9
and Figs, 1, 9 10 13), Thus Rgl had tree promoting
effect on mitosis in such cells. On the other hand,
similar tests showed the inhibitory effect of Rb1
on mitosis in the same kind of cells (Tables 3, 6,
8, 9 and Figs. 4, 9, 1 1, 13). Both Rg1 and Rb1 had
a dose-response effect on mitosis. No accumulation
of cells at any mitotic stages by either ginsenoside
was observed (Tables 1, 3, 7, 8 and Figs. 1, 4, 10,
11).
The increase in mitotic indices by a chemical
or physical treatment may be attributed to several
causes. These are: (1) an increase in the number
of proliferating cells which may be resulted from
the initiation of non-dividing cells into dividing
cells or may be due to the accumulation of cells
at certain mitotic stages (2) the shortening of
the mitotic cell cycle and (3) both increase in
dividing cells and shortening of mitotic cell cycle
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(Schultze, 1969; Barlow, 1973).
On the other hand, the decrease in mitotic
indices by a treatment may be due to (1) decreasing
in the number of cells into the prophase, which
generally occurs in the antimitotic activity of
the most drugs; (2) the specific antimitotic
activity of certain treatment on metaphase so that
it results in relative increase in the proportion
of cells in metaphase and decrease in the proportion
of cells in the remaining mitotic stages (Batikyan
et al., 1977) and (3) lengthening of mitotic cell
cycle resulted from the delay in G1 and early S
(Arcara and Ronchi, 1967) or G2 and/or the S period
(Vertu a and Lin, 1978)
In this study, the increase and decrease in
mitotic indices resulting from the treatment of
Rgi and Rb1 respectively were not due to the
accumulation of the proliferating cells at a parti-
cular mitotic stage as the data in Tables 1 and 3
indicated. The results obtained from the pulse
labelling and autoradiography indicate that the
change in MI may be due to the effect of these
two ginsenosides on the duration of mitotic cell
cycle, especially on the S period. This effect
will be discussed later. However, the possibility
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that the Rg1 may initiate the non-dividing cells
into the dividing cells and Rb I may inhibit cells
entering into prophase. cannot be ruled out at
present and it should be further investigated.
In the case of 24-hour treatment followed by
24-hour growth in water, we can see that the effects
of both ginsenosides were erased in a certain
degree. The promoting effect of Rg1 on mitosis
was no longer present and even lower mitotic
indices were scored in the treated roots than in
the control ones (Table 2 and Figs. 2, 3). The
inhibitory effect of Rb1 was also reduced although
the mitotic indices were still lower. in the treated
roots than in the control ones (Table 4 & Figs. 5,
6). In both cases, no accumulation of cells at any
mitotic stage was observed (Tables 2 & 4).
Thus we can conclude that Rg1 and Rb1 have
opposite effect on the cell division of onion root
tip cells. The promoting effect of Rg1 on mitosis
in cultured human lymphocytes activated by a
mitogenic lectin has also been reported by Tong
and Chao (in press). Previously, Yamamoto (1974)
reported that Rg1 could promote the mitosis in
rat bone marrow cells,
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B. Effects of Rg1 and Rb, or. mitotic cell cycle and
S phase duration
The mitotic cell cycle model was well ester-•
ITO 1 ward and Pelc in 1953. The termsblished by
G 1, S, G2. and M are used throughout to identify
4 different phases of a mitotic cell cycle. The
period of DNA replication i.-, called S phase the
time elapses between the 'birth' of the cell at
division and the beginning of DNA replication
is called G1 phase the interval between the end
of S and the onset of cell division is called the
G2 phase and the period of cell.division known as
the N phase (for mitosis) or the D phase (for
division). The durations of G1, S, G2 and M
phases are different in different kinds of cells,
but the variations be twwleen individual cells of
the same kind are small (see review by Mazia, 1974).
However, they can be affected by the temperature
(Barlow, 1973), chemicals (Arcara and Ronchi, 1967
Verma and Lin, 1978) and also the natural growth
regulators such as gibberellins (Barlow, 1973), In
addition, the DNA content also plays a role in
determining the mitotic cell cycle and S duration
(Van't Hof, 1965b Evans and Rees, 1071).
The duration of onion mitotic cell cycle has
been found to be about 13.86 hours at 25°C (see
56
review by Barlow, 1973),
In our experiment, we found that the duration
of mitotic cell cycle of the control was about 14.5
hours. This value was quite close to that determined
by Geonzalez-Fernandez in 1971 (see review by Barlow,
1973). The S period was found to be 8.7 hours in
our experiment. By calculation, the value of G1+G2+M
was 5.8 hours which fell in the range of 5.25-6,25
hours suggested by Van't Hof (1965).
In the cells treated with Rg1, the mitotic cell
cycle was significantly shortened (10.9 hours in
comparison with 14.5 hours of the control),, This
was mainly due to the shortening of S period (5,6
hours vs. 8.7 hours of the control). The value of
G1+G2+M (5.3 hours) was similar to that of the control
(5.8 hours), It has been indicated that ginseng
extract could shorten the DNA synthetic period and
also G1, G2 and M period (Choi and Kim, 1971, 1973
Cheung and Kim, 1972; Kim and Kim, 1972). In this aspect,
our finding proved that Rg1 is a main component of
ginseng in affecting the S period and the influences
on the individual duration of G1, G2 and M should be
further investigated.
For the Rb1, the mitotic cell cycle was found
to be significantly lengthened (17.0 hours in
comparison with 14.5 hours of the control). This
result was also due to the lengthening of the S
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period (11.8 hours of Rb 1 compared with 8.7 hours of
the control). Its value of G1 +G2+M (5.2 hours) was
similar to that of the control (5.8 hours).
The above results suggest that (1) Rs1 can
shorten the mitotic cell cycle of onion root tip
cells, which in turn may increase the mitotic indices
being :Measured in this study, and (2) Rb 1 can lengthen
the mitotic cell cycle of onion root tip cells,
which in turn may decrease the Mitotic indices.
According to Smith and Dendy (962) the relationship
between the mitotic index and the the duration of
the mitotic cell cycle was as follows: the generation
time (i. e. the mitotic cell cycle) is inversely
proportional to the division frequency of cells
(i.e. mitotic index). It is clearly shown in our
study that both ginsenosides x g1 and Rb1 take their
action at the S period, probably on some biochemical
rocesses at this stage, which will be discussed later.
C, Effects of Rg and Rb on biochemical processes related
to the cell division
DNA, RNA and protein are considered to be the
prerequiste substances for the cell division in
company with many other factors.
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The synthetic pattern of DNA, RNA, protein in
relation to mitosis in primary root tip cells of
Vicia faba has been studied and reported (Jokob
and Bovey, 1969; Jakob, 1972). Similar metabolic
patterns of nucleic acids and protein during the
mitotic cycle in onion and Vicia faba root meristems
has been suggested (Woodard et al., 161).
Although onion seedlings were used in this study
instead of the root tips, the pattern of DNA, RNA
and protein syntheses during the mitotic cell cycle
in Vicia faba might be a good reference.
The studies mentioned above showed that the
availability of certain RNA and protein molecules
was essential for DNA synthesis. Generally, protein
and RNA syntheses should precede DNA synthesis (Bloch
et al., 1967; Jakob and Bovey, 1969; Jakob, 1972).
The patterns of DNA, MNA and protein synthetic
rate and the mitotic indices of the control, Rg1-
treated and Rb1-treated seedlings during the 24-hour
treatment were summarized in Figures 27, 28, 29 and
30. In all cases, RNA and protein syntheses preceded
the synthesis of DNA, according to the hours of the
treatment. Generally maximal syntheses of protein
and RNA occurred at 0-3 hours (i.e. 1:30-4:30 P.m.)
of the treatment while that of DNA occurred at
6-hour (i.e. 7:30 p.m.) or at 10-18 hours (i.e.
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11:-30 P.M.-7:30 a. m.) in the Rb I- treated. seedlings.
The peak of mitotic index occurred at 18-hour (i.e.
7:30 a. m.) in the control and Rb 1 treated seedlings
or at 24-hour (i.e. 1 :30 p.m.) in the Rg1- treated
seedlings. It is quite in good agreement with the
suggestion of Jakob and Bovey (1969) and Jakob (1972).
In this study, we can see that Rg 1 could
promote the rate of DNA synthesis at 6-hour of the
treatment. This fact indicated that Rg1 had. the
promoting effect on DNA synthesis at the peak hour
(Table 13 & Figs. 17, 27, 28). This may explain
the result that Rg1 shortened the S period in the
mitotic cell cycle determination. On the other
hand., R b1 shifted the high rate of DNA synthesis
from 6-hour to 10- 18-hour. Rb1 could either promote
the rate of DNA synthesis in the later period sw ihile
it had the inhibitory effect in the early period, or
delay the DNA synthesis but last longer. The latter
is supported by the result of the mitotic cell cycle
determination which showed that Rb1 lengthened the
DNA synthetic phase (c. f. Figs. 14 & 16).
Rg1 was shown to have some inhibitory effect on
R14A synthesis in the first 6 hours of the treatment
(Tables 15, 16 & Figs. 19, 20) but the higher level
of RNA synthesis was found to last for a longer period
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in the later hours. In the case of protein synthesis,
the stimulating effect of Rg1 occurred in the initial
period of the treatment but no significant effect
occurred in the later period (Tables 19, 20 & Figs.
23, 24). This indicates that R`1 has the promoting
effect on protein synthesis preceding that of RNA.
Such protein may be some kinds of enzymes which are
required for the synthesis of RNA.
Rb1 was found to have no such significant effect
on RNA synthesis as Rg1 However, it still
showed the promoting effect at 3-hour of treatment
(Tables 17, 18 Figs. 21, 22) and then leveling
off. 'Marked promoting and prolonging effect of
Rb1 on protein synthesis were observed (Tables 21,
22 Fig. 25, 26),
The changes in the rate and pattern of DNA
synthesis by Rg1 and Rb1 may explain the increase
and decrease in mitosis by these two ginsenosides
satisfactorily. However, the changes in the RNA
and protein synthetic rates cannot give sufficient
evidence to indicate their effect on mitosis although
they, at least, play a role in the cell division.
Nevertheless, changes in RNA and protein synthesis
by ginsenosides have been observed (Yamamoto et al.,
.1974,1979 Oura et al., 1975b Ii Jima et al., 1976
Shibata et al., 1976) although their results were
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contradictory as mentioned in the introduction. In
and Rb1 can promote the DNA,
this study, both Rg 1
RN .A and protein syntheses in the manner of having
some relationship with the time of treatment.
D, I eclz nisM of ginseng action
The data obtained in this study cannot point out
clearly the mechanism of ginseng action. But we can
see that the ginseng components such as Rg1 and Rb1,
which are structural analogues, display their biological
activities in a way of either antagonistic or analogic
as suggested by Han and .woo (1975). Rg1 and Rb1 can
promote the DNA, DNA and protein syntheses in
different patterns from the control ones. Consequently
the antagonistic effect on mitosis is resulted.
Onion, a plant system, which is structurally
and physiologic ally different from that of the
animal one, is found to have the similar response
to the ginsenosides as the rats and the other
experimental animals. Fulder (1977) has suggested
that ginseng saponins may behave as corticosterone-
like steroids intracellularly and bind reversibly
to the receptors. In this study, the hormone-like
action may be different from that of the cortico-
sterone. The hormone-like action of Rg1 and Rb
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may be similar to that of the plant hormones, such
as gibberellin or auxin, which can affect the DNA
synthesis and mitotic cell cycle and consequently
the mitotic index (Barlow, 1973). The hormone-like
action of saponins may be mediated by the interaction
of the saponins with the cell surface membrane (Ko et
al., 1979). Further studies are required to verify
this suggestion. In the availability of the labelled
ginsenosides (Han and woo, 1975), this question may
be answered later. However, the possibility that
the contamination of hormonal substances of Panax
ginseng may not be excluded although the ginsenosides
Rg 1 and Rb 1 were obtained through a series of extract-
ion processes.
63
VII. CONCLUSION AND SUMMARY
Ginseng has long been used as a panacea in the
Chinese medicine, However, further scientific studies
should be carried out to elucidate its biological
effect and action. In this study, effects of ginseno-
sides Rg1 and Rb1 on the cell division in root tip
cells and on the biosyntheses of DNA, RNA and protein
in seedlings of Allium cepa were investigated. The
results are summarized as follotws:
1. Treatments of root tip cells with different
concentrations of Rg1 and Rb1 for 24 hours indicate
that they have the antagonistic effect on mitosis.
Rg1 promotes mitosis. The mutotic peak occurs at
the concentration of 0.006 mg/ml in the case of
bulbs and at 0.002 mg/ml in the case of seedlings.
Rb1 inhibits mitosis. Mitotic indices decrease
progressively with the increase of concentrations
of Rb1 and, thus, it also shows the dose-response
effect.
2. Time course studies also show that Rg1 can promote
mitosis but Rb1 can inhibit it.
3. The promoting effect of Rg1 and inhibitory effect
of Rb1 on mitosis are lessened after 24-hour growth
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in distilled water preceded by 24-hour treatment.
4. The results of pulse lc belling and autoradiography
indicate that Rg1 shortens the durations of mitotic
cell cycle and S period from 14.5 to 10.9 hours
and from 8.7 hours to 5.6 hours respectively,
while Rb 1 lengthens the mitotic cell cycle and S
period duration from 14.5 to 17.0 hours and from
8.7 to 11.8 hours respectively.
5.Rg1 promotes DNA synthesis at peak hour (i.e. at
6-hour of the 2k-hour treatment), while Rb1 delays
Deak hour of the DI1A synthesis from 6-hour to 10--
hour or later. The promoting effect of Rg1 on
DTII.A. synthesis may result in shortening of the S
period, which in turn may increase the mitotic
index. Similarly, the delay in DNA synthesis
due to Rb1 can cause the lengthening of S period,
which in turn may decrease the mitotic index.
6.Rg 1 and Rb 1 also have promoting and prolonging
effect on RNA and protein syntheses but the changes
in their synthetic pattern cannot correlate with
the changes in mitotic indices satisfactorily.
Therefore, other factors may be involved, which
warrent further studies.
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7. Results of this study may support the suggestion
of the action of ginseng at cellular level by Han
and Woo (1975) who stated that the action of
ginseng is through the pan-cellular activity but
not through the tissue specific activity. The
horomone-like action of Pg1 and Pb1 mediated by
the membranes may be tested by tracing the radio-
active ginsenosides in the future.
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Table 1. Mitotic indices and percentages of different mitotic stages of onion bulb root tip cells treated with different































No. of dividing cells (mean + S.D.)
(% of mitotic stages in parentheses)
P
M AT Total
99.40+12.83 13.40+1.57 30.40+2.71 143.2+13.32
(68.60+7.54) (9.90+4.20) (21.50+3.78)
85.00+12.16 14.60+2.08 36.60+1.86 136.2+13.30
(61.50+6.27) (10.69+2.18) (29.32+6.41)
133.60+13.90 12.60+0.76 2.24+4.91 168.6+16.68
(79.18+5.34) (7.71+1.84) (13.11+4.89)
139.00+9.58 19.40+2.44 42.80+4.02 201.2+9.15
(68.93+5.71) (9.80+3.21) (21.26+3.41)
180.40+20.53 20.60+2.51 42.60+4.72 243.8+24.96
(73.76+3.72) (8.63+2.41) (17.51+2.40)
95.60+9.63 17.20+2.72 45.20+7.77 158.4+16.85
(60.52+3.21) (10.88+2.66) (28.36+5.72)















Table 2. Mitotic indices and percentages of different mitotic stages of onion bulb root tip cells treated with different
concentrations of Rg1 for 24 hours followed by 24-hour growth in double distilled water.
No. of No. of cells
No. of dividing cells (mean+ S.D.)
Concentration roots counted per root
(7 of mitotic stages in parentheses) MI
(mg/ml) scored (mean+ S.D.) P M AT
Total (mean+ S.D.)
0.000 5 1042.8+ 25.89 99.80+ 10.87 1.20+ 2.10 46.60+ 5.55
167.6+ 12.64 15.76+ 1.09
(Control) (59.32+ 7.66) (12.70+ 2.33) (27.98+ 6.60)
0.001 5 992.8+ 25.95 79.60+ 6.95 17.00+ 0.79 48.20+ 5.31 144.8+ 9.64 14.62+ 1.07
(54.88+ 5.34) (11.82+ 0.96) (33.31+ 5.78)
0.002 5 1088.4+ 12.74 83.60+ 7.49 18.00+ 3.14 43.60+ 9.13 145.2+ 12.52 13.31+ 1.03
(58.25+ 9.78) (12.52+ 4.48) (29.23+ 7.44)
0.004 5 1047.2+ 9.46 84.60+ 9.37 23.00+ 3.71 47.00+ 4.26
154.6+ 8.01 14.75+ 0.69
(54.39+ 8.12) (14.98+ 4.97) (30.63+ 6.17)
0.006 5 1073.2+ 11.04 86.40+ 8.24 13.40+ 2.61 50.80+ 3.15 150.2+ 9.35 14.00+ 0.86
(57.28+ 512) ( 8.80+ 3.17) (33.91+ 5.49)
0.008 5 1062.2+ 18.97 46.40+ 1.20 14.20+ 2.53 20.60+ 2.59 81.2+ 4.64 7.64+ 0.41
(57.65+ 6.03) (17.28+ 4.48) (25.07+ 3.99)
0.010 5 1063.2+ 5.41 64.40+ 12.26 19.80+ 1.64 45.60+ 5.11 131.8+ 15.49 12.40+ 1.48
(48.07+ 9.29) (1535+ 2.18) (35.37+ 7.78)





Table 3. Mitotic indices and percentages of different mitotic stages of onion bulb root tip cells treated with different
concentrations of Rb1 for 24 hours.
No. of No. of cells
No. of dividing cells (mean± S.D.)
Concentration roots counted per root (% of mitotic staes in parentheses)
MI
(mg/ml) scored (mean± S.D.) P M AT Total
(mean± S.D.)
0.000 5 1061.4± 15.28 99.40± 12.83 13.40± 1.57
30.40± 2.71 143.2± 13.32 13.53± 1.37
(Control) (68.60± 7.54) ( 9.90± 4.20) (21.50± 3.78)
0.001 5 1026.0± 15.21 76.40± 11.81 17.20± 2.07 37.60± 3.99 131.2± 14.39 12.74± 1.24
(57.50± 7.81) (13.28± 3.16) (29.22± 6.09)
0.002 5 1084.8± 10.38 76.40+ 9.46 13.80+ 0.82 41.80± 3.13 132.0± 9.86 12.20± 0.94
(57.22± 6.83) (10.68± 2.31) (32.10± 5.72)
0.004 5 1052.6± 14.49 64.60± 5.69 17.80± 2.97 31.60± 3.75 114.0± 10.52 10.87± 1.10
(57.06± 5.57) (15.39± 4.17) (27.55± 2.71)
0.006 5 1085.2± 22.26 54.60± 8.15 10.60± 1.64 25.40± 3.62 90.6± 9.08 8.32± 0.73
(59.56± 8.85) (11.57± 2.17) (28.87± 9.07)
0.008 5 1039.2± 11.21 51.40± 6.24 16.00± 3.10 25.20± 4.66 92.6± 9.30 8.89± 0.83
(55.68± 7.71) (17.00± 4.19) (27.32± 9.29)
0.010 5 1071.2± 19.65 47.60± 6.51 12.20± 3.17 26.40± 3.40 86.2± 8.41 8.05± 0.78
(55.02± 9.35) (13.68± 5.33) (31.30± 8.05)




Table 4. Mitotic indices and percentages of different mitotic stages of onion bulb root tip cells treated with different































No. of dividing cells (mean ± S.D.)




































































Table 5. Mitotic indices in onion bulb root tip cells treated with Rg1 at concentrations of 0.004, 0.005 and 0.006 mg/ml






























































































































































































































Table 6. Mitotic indices in onion bulb root tip cells treated with Rb1 at concentrations of 0.002, 0.006 and 0.010 mg/ml
for 0 - 24 hours.
Hours No of No. of cells No. of dividing cells (mean+ S.D.)
Treatment of roots counted per root
troatnent scored (mean+ S.D.) P M AT Total (mean+ S.D.)
Control 0 5 1073.60+ 22.20 52.20+ 6.12 16.00+ 1.70 42.20+ 7.23 110.40+ 11,37 10.26+ 0.98
3 5 1019.60+ 24.67 61.60+ 12.15 13.00+ 3.10 31.00+ L.85 105.60+ 16.19 10.36+ 1.62
6 3 1056.00+ 47.71 53.00+ 16.17 19.33+ 2.16 34.00+ 3.24 107.33+ 18.66 10.10+ 1.46
10 4 1081.00+ 23.18 49.75+ 12.53 £.50+ 2.52 25.50+ 6.90 83.75+ 16.14 7.72+ 1.39
18 3 1050.67+ 52.49 44.67+ 4.55 6.67+ 3.19 21.00+ 2.55 72.33+ 2.65 6.93+ 0.76
24 1 1158.00+ 0.00 46.00+ 0.00 11.00+ 0.00 32.00+ 0.00 89.00+ 0.00 7.69
0.002 0 5 1043.60+ 51.00 49.60+ 6.60 12.60+ 6.66 32.80+ 3.73 95.00+ 7.82 9.13+ 0.72
(mg/cal) 3 5 1039.20+ 38.14 65.80+ 7.90 21.40+ 4.93 40.40+ 5.17 127.60+ 14.81 12.25+ 1.19
6 5 1076.40+ 32.77 65.20+ 12.13 16.20+ 5.45 34.00+ 3.48 116.00+ 7.79 10.78+ 0.64
10 5 1033.2+ 23.34 31.80+ 4.63 11.00+ 2.37 26.60+ 3.78 69.00+ 9.52 6.68+ 0.98
18 5 1083.60+ 44.44 46.80+ 8.01 11.60+ 1.48 10.40+ 3.96 98.20+ 10.70 9.08+ 0.79
24 5 1050.80+ 42.48 40.60+ 3.73 11.60+ 2.20 32.40+ 4.13 84.60+ 8.39 3.11+ 0.93
0.006 0 5 1056.20+ 27.37 46.60+ 2.59 13.00+ 0.94 26.00+ 2.18 85.60+ 3.60 8.63+ 0.61
(ag/ml) 3 5 1013.80+ 14.46 51.60+ 10.76 16.00+ 3.52 32.60+ 5.39 100.20+ 17.33 9.06+ 1.74
6 5 1043.00+ 58.06 57.60+ 9.11 18.20+ 3.07 24.60+ 5.50 102.20+2.03 9.83+ 1.23
10 3 1066.00+ 33.77 33.00+ 1.22 12.67+ 4.49 13.67+ 5.21 59.33+ 9.23 5.54+ 0.68
18 4 1201.00+ 62.04 64.50+ 5.59 21.25+ 2.55 62.00 9.85 147.75+ 14.84 12.24+ 0.58
24 1126.75+ 21.6 42.50+ 7.92 15.50+ 4.23 40.25+ 8.59 90. 251+ 17.62 8.76+ 1.62
0.010 0 5 1042.60+ 29.90 58.40 J.16 15.40+ 3.11 39-00+ 1.87 112.80+ 11.40 10.79+ 0.94
(rag/ml) 3 5 1100.40+ 16.12 51.00+ 8.69 20.20+ 2.33 28.40+ 8.20 99.60+ 10.12 8.97+ 0.86
6 5 1059-CO+ 19-72 52.00+ 7.19) 18.40+ 2.17 22.80+3.47 2.92+1.00
10 5 1042.00+ 36.10 34.40+ 10.35 7.40+ 3.35 22.00+ 7.91 63.20 20.30 6.19 .03
18 5 1037.40 63.09 t5.60+ 11.81 10.00+ 0.79 39.40+ 5.99 98.00+ 16.09 9.66+ 1.79
24 5 1050.20+ 39.09 44.00+ 4.40 12.40+ 0.9-1 27.20+ 5.3'? x3.60+ 8. 07 7.96+ 0.71




Table 7. Mitotic indices and percentages of mitotic stages in onion seedling root tip cells treated with different









No. of dividing cells (mean + S.D.)
(% of mitotic stages in parentheses)










































































Table 8. Mitotic indices and percentages of mitotic stages in onion seedling root tip cells treated with different
concentration of Rb1 for 24 hours.
No. of No. of cells
No. of dividing cells (mean± S.D.)
Concentration roots counted per root
(% of mitotic stages in parentheses) MI
(mg/ml) scored (mean± S.D.) P M AT Total (mean± S.D.)
0.000 6 1462.17± 479.48 87.33± 37.03 20.67± 9.31 74.17± 19.41 182.17± 60.04 12.46± 0.91
(Control) (46.29± 6.90) (11.33± 3.08) (42.38± 8.58)
0.001 6 1252.50± 98.00 99.33± 17.61 13.17± 7.47
42.17± 14.76 154.17± 17.29 12.29± 0.69
(64.59± 10.58) ( 8.25± 3.88) (27.55± 10.42)
0.002 6 1159.00± 30.71 74.67± 11.17 17.33± 6.25 42.83± 11.03 134.83± 14.02 11.64± 1.17
(55.78± 9.29) (12.74± 4.08) (31.49± 6.44)
0.004 6 1132.50± 46.35 41.67± 10.58 12.00± 5.33 24.00± 6.03 77.67± 13.49 6.84± 0.95
(53.40± 9.04) (15.28± 5.45) (31.32± 8.46)
0.006 6 1200.67± 54.40 42.83± 13.67 12.00± 4.60 26.00± 10.20 80.83± 23.31 6.73± 1.89
(53.25± 8.60) (14.71± 3.69) (32.04± 5.94)
0.010 6 1164.17± 55.47 29.67± 10.27 10.67± 2.42 29.00± 10.60 69.33± 20.60 5.98± 1.76
(42.86± 6.66) (15.83± 3.30) (41.29± 7.25)
P- prophase, M- metaphase, AT- ana-telophase
P<0.001
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Table 9. Mitotic indices in onion seedling root tip cells treated. with Rg1 and Rb1 (both at 0.004 mg/ml) for 0 24 hours.
Hours No. of No. of cells No. of dividing cells (mean+ S.D.)
Treatment of roots counted per root MI
treatment scored (mean+ S.D.) P M AT Total (mean+ S.D.)
Control 0 6 1216.67± 72.00 92.00± 10.51 21.00± 10.81 40.00± 7.21 153.00± 17.81 12.53± 0.73
3 6 1155.33± 41.99 45.50± 16.13
11.00± 7.54 25.33± 6.15 81.83± 8.50 7.07± 1.55
6 6 1149.33± 62.45 56.83± 19.90 8.83± 4.49 35.50± 16.40 101.50± 26.80 8.76± 1.91
10 6 1216.17± 73.30 64.67± 15.95 9.50± 3.02 35.67± 6.56 109.83± 13.61 9.02± 0.82
18 6 1270.17± 38.27 90.83± 15.39 19.50± 3.51 61.83± 18.12 172.17± 26.13 13.53± 1.81
24 6 1220.83± 27.46 78.83± 11.48 14.83± 5.19 48.17± 8.30 141.83± 8.86 11.62+ 0.55
Rg1
0 6 1216.67± 72.00 92.00± 10.51 21.00+ 10.81 40.00+ 7.21 153.00± 17.81 12.55± 0.73
3 6 1105.00± 19.41 44.83± 14.91 10.67± 3.88 30.67± 13.41 86.17± 6.97 7.80± 0.65
6 6 1185.40± 75.09 64.00+ 22.12 5.60+ 2.61 18.80± 11.08 88.40± 23.33 7.41± 1.63
10 6 1202.50+ 61.56 93.50± 22.06 16.00± 5.62 46.67± 16.46 165.50± 26.10 13.72± 1.56
18 6 1227.50± 53.66 108.00± 39.38 11.50± 4.97 56.33± 29.65 175.83± 20.20 14.30± 1.22
24 6 1270.17± 58.48 138.67± 27.63 15.50± 9.52 67.17± 26.45 221.33± 51.76 17.36± 3.62
Rb1 0 6 1216.67± 72.00 92.00± 10.51 21.00± 10.81 40.00± 7.21 153.00± 17.81 12.55± 0.73
3 6 1172.50± 76.34 42.33± 8.87 9.50± 6.47 24.62± 4.65 69.00± 17.71 5.87± 1.36
6 6 1111.83± 48.97 38.33± 6.71 6.33± 2.66 14.67± 6.28 58.83± 4.79 5.29± 0.34
10 6 1228.33± 107.01 77.33± 20.01 16.83± 7.57 43.00± 21.81 137.17± 21.63 11.15± 1.42
18 6 1236.00± 53.07 61.83± 8.66 20.50± 6.09 56.83± 14.86 142.67± 13.57 11.55± 1.10
24 6 1184.50± 59.54 36.17± 9.04 10.67± 3.27 26.67± 7.45 73.50± 15.60 6.25± 1.51
P - Prophase, M - metaphase, AT - ana-telophase
P<0.05 P<0.01 P<0.001
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Table 10. Number and percentages of labelled and total mitotic cells in onion bulb roots grown in distilled water and fiyed
at various times after pulse labelling with 3H-thymidine.
Hours after No. of labelled mitotic cells
Total no. of mitotic cells % of labelled cells
pulse P M AT
P M AT EP M
labelling EP MP LP
EP MP LP
0 0 0 0 0
0 613 219 39 160 462 0.00
0.00
2 9 3 0 0 0
618 199 17 243 530 1.46 0.00
4 535 26 10 27 139 1047 79 35 90
481 51.10 30.00
6 189 9 2
107 125 324 19 5 225 278 58.33 47.56
8 348 9 1 111 171 390 11 2 132 318
89.23 84.09
10 497 12 3 113 276 554
15 4 144 324 89.71 78.47
12 1181 28 13 105 191 1316 50 21
129 251 89.74 81.40
14 227 14 3 3 50
367 49 12 6 157 61.85 50.00
16 335 43 7 40 171 998 87 26
108 785 33.57 37.04
18 127 11 6 69 161 876 56 27 187 632 14.50
36.90
20 267 0 0 1 150 473 0 0 2 252 56.45 50.00
22 376 24 3 40 62 592 39 4 71 124 63.51 56.34
24 70 2 0 10 27 101 3 0 17 53 69.31 58.82
P - prophase, EP - early prophase, NP - middle prophase, LP - late prophase,
M - metaphase, AT - ana-telophase.
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Table 11. Number and percentages of labelled and total mitotic cells in onion bulb roots grown in Rg1 solution (0.004 mg/ml)
and fixed at various times after pulse labelling with 3H-thymidine.
Hours after No. of labelled mitotic cells Total no. of mitotic cells % of labelled cells
pulse P M AT P M AT EP M
labelling EP MP LP EP MP LP
0 0 0 0 0 0 478 19 1 85 237 0.00 0.00
2 19 0 0 0 0 562 4 6 87 189 3.38 0.00
4 282 5 0 13 23 751 16 5 41 214 37.55
31.71
6 433 3 7 35 34 515 7 10 50 71 84.08 70.00
8 472 0 9 66 54 510 0 10 75 160 92.55 88.00
10 507 5 1 56 91 560 9 1 70 235 90.54 80.00
12 198 0 0 30 38 600 0 0 40 182 33.00 75.00
14 444 0 5 20 78 699 0 8 68 220 63.52 29.41
16 503 3 8 32 174 678 6 9 60 318 74.19 53.33
18 581 0 0 3 13 644 0 0 4 83 90.22 75.00
20 599 2 4 17 36 710 2 5 20 57 84.37 85.00
22 388 2 0 17 84 479 2 0 20 155 81.00 85.00
24 478 0 0 4 50 633 0 0 5 194 75.51 80.00
P - prophase, EP - early prophase, MP - middle prophase, LP - late prophase,
M - metaphase, AT - ana-telophase.
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Table 12. Number and percentages of labelled and total mitotic cells in onion bulb roots groom in Rb1 solution (0.004 mg/ml)
and fixed at various times after pulse labelling with 3H-thymidine.
Hours after No. of labelled mitotic cells Total no. of mitotic cells % of labelled cells
pulse P M AT P M AT EP M
labelling EP MP LP EP MP LP
0 1 0 0 0 0 522 233 37 209 343 0.19 0.00
2 14 1 0 5 0 354 130 50 326 525 3.95 1.53
4 416 2 5 45 32 1185 21 55 193 199 35.11 23.32
6 396 0 4 25 34 607 12 11 67 83 65.24 37.31
8 991 1 9 68 58 1281 11 15 114 173 77.36 59.65
10 1056 3 8 90 105 1273 8 12 116 181 82.95 77.59
12 691 19 16 54 152 785 23 19 61 198 88.03 88.52
14 281 1 0 42 141 365 4 0 48 172 76.99 87.50
16 752 0 1 46 165 1097 0 1 55 542 68.55 83.64
18 302 0 3 33 106 681 1 8 51 125 44.35 64.71
20 160 0 4 30 194 455 0 8 67 393 35.16 44.78
22 732 1 4 17 60 1122 3 12 51 211 65.24 33.33
24 542 5 5 27 127 730 15 9 48 190 74.25 56.25
P- prophase, EP- early prophase, PIP- middle prophase, LP- late prophase,
M- metaphase, AT- ana-telophase.
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Table 13. Uptake of 3H-thymidine per 100 mg fresh weight of onion seedlings treated with Rg1 (0.004 mg/mi) for 0- 24 hours.
Hours of cpm x 103 per 100 mg fresh weitht %a
treatment Treatment TCA-soluble TCA-insoluble Total TCA-soluble TCA-insoluble Total
0 0.172 0.215 0.387
3
Control 0.378 0.457 0.835 100.00 100.00 100.00
Rg1 0.442 0.530 0.972 116.93 115.97 116.41
6
Control 0.825 1.352 2.177 100.00 100.00 100.00
Rg1 0.840 1.621 2.461 101.82 119.90 113.05
10 Control
0.647 0.981 1.628 100.00 100.00 100.00
Rg1 0.699 0.930 1.629 108.04 94.80 100.06
18
Control 0.491 0.555 1.046 100.00 100.00 100.00
Rg1 0.476 0.615 1.091 96.95 110.81 104.30
24
Control 0.545 0.559 1.104 100.00 100.00 100.00
Rg1 0.497 0.559 1.056 91.19 100.00 95.65
a :
cpm TCA-soluble or TCA-insoluble or total of the treated seedlings
x 100
cpm TCA-soluble or TCA-insoluble or total of the control seedlings
increase effect
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Table 14. Uptake of 3H-thyridine per 100 mg fresh weight of onion seedlings treated with Rb1 (0.004 mg/ml) for 0 -24 hours
Hours of
treatment Treatment
cpm x 103 per 100 mg fresh weight






































cpm TCA-soluble or TCA-insoluble or total of the treated seedlings
a:





Table 15. Uptake of 3H-uridine per 100 mg fresh weight of onion seedlings treated with Rg1 (0.004 mg/ml) for 0 -6 hours.
Hours of
treatment Treatment
cpm x 10 4 per 100 mg fresh weight
Soluble Incorporated Total Ratio a


























































a: Ratio of cpm incorporated versus the cpm total uptake (i.e. incorporation ratio)
b: Ratio a of treated
Ratio a of control
x 100 (i.e. % of incorporation ratio with respect to control)
c: cpm soluble or incorporated or total of the treated seedlings




Table 16. Uptake of 3H-uridine per 100 mg fresh weight of onion seedlings treated with Rg1 (0.004 mg/ml) for 0 -24 hours.
Hours of
treatment Treatment
cpm x 10 4 per 100 mg fresh weight



























































a: Ratio of cpm incorporated versus the cpm total uptake (i.e. Incorporation ratio)
b: Ratio a of treated
Ratio a of control
x 100 (i.e. % of incorporation ratio with respect to control)
c: cpm soluble or incorporated or total of the treated seedlings





Table 17. Uptake of 3H-uridine per 100 mg fresh weight of onion seedlings treated with Rb1 (0.004 mg/ml) for 0 - 6 hours.
Hours of
treatment Treatment
cpm x 104 per 100 mg fresh weight


























































a: Ratio of cpm incorporated versus the com total uptake(i.e. incorporation ratio)
b: Ratio a of treated
Ratio a of control
x 100 (i.e. % of incorporation ratio with respect to control)
c: cpm soluble or incorporated or total of the treated seedlings





Table 18. Uptake of 3H-uridine per 100 mg fresh weight of onion seedlings treated with Rb1 (0.004 mg/ml) for 0 - 24 hours.
Hours of
treatment Treatment
cpm x 10 4 per 100 mg fresh weight
Soluble Incomporated Total Ratio a



























































a: Ratio of cpm incorporated versus the cpm total uptake (i.e. incorporation ratio)
b: Ratio a of treated
Ratio a of control
x 100 (i.e. % of incorporation ratio with respect to control)
c: cpm soluble or incorporated or total of the treated seedlings





Table 19. Uptake of 3H-leucine per 100 mg fresh weight of onion seedlings treated with Rg1 (0.004 mg /ml)for 0-6 hours
Hours of
treatment Treatment
cpm x 103 per 100 ng fresh weight


























































a: Ratio of cpm incorporated versus the cpm total uptake (i.e. incorporation ratio)
b: Ratio a of treated
Ratio a of control
x 100 (i.e.% of incorporation ratio with respect to control)
c: cpm soluble or incorporated of total of the treated seedlings





Table 20. Uptake of 3H-leucine per 100 mg fresh weight of onion seedlings treated. with Rg1 (0.004 mg/ml) for 0 - 24 pours.
Hours of cpm x 103 per 100 mg fresh weight
treatment Treatment Soluble Incorporated Total Ratioa % Ratiob Soluble Incorporated Total
0 0.480 3.920 4.400 0.89
3
Control 0.277 2.667 2.944 0.91 100.00 100.00 100.00 100.00
Rg1 0.357 2.876 3.233 0.89 97.80 128.88 107.84 109.82
6
Control 0.356 2.210 2.566 0.86 100.00 100.00 100.00 100.00
Rg1 0.172 1.968 2.140 0.92 106.98 48.31 89.05 83.40
10
Control 0.231 2.178 2.409 0.90 100.00 100.00 100.00 100.00
Rg1 0.162 1.563 1.725 0.91 101.11 70.13 71.76 71.61
18
Control 0.273 1.306 1.579 0.83 100.00 100.00 100.00 100.00
Rg1 0.251 1.263 1.514 0.83 100.00 91.94 96.71 95.88
24
Control 0.156 1.102 1.258 0.88 100.00 100.00 100.00 100.00
Rg1 0.322 1.422 1.744 0.82 93.18 206.41 129.04 138.63
a: Ratio of cpm incorporated versus the cin total uptake (i.e. incorporation ratio)
b: Ratioa of treated
x 100 (i.e.% of incorporation ratio with respect to control)
Ratioa of control
c: cpm soluble or incorporated or total of the treated seedlings
x 100








cpm x 103 per 100 mg fresh weight


























































a: Ratio of cpm incorporated versus the cpm total uptake (i.e. incorporation ratio)
b: Ratio a of treated
Ratio a of control
x 100 (i.e. % of incorporation ratio with respect to control)
c: cpm soluble or incorporated or total of the treated seedlings





Table 22. Uptake of 3H-leucine per 100 mg fresh weight of onion seedlings treated with Rb1 (0.004 mg/ml)for 0 -24 hours.
Hours of
treatment Treatment
cpm x 103 per 100 mg fresh weight



























































a: Ratio of cpm incorporated versus thecpm total uptake (i.e. incorporation ratio)
b: Ratio a of treated
Ratio a of control
x 100 (i.e. % of incorporation ratio with respect to control)
c: cpm soluble or incorporated or total of the treated seedlings




























0 0.O01 0,002 0.004 0.006 0.008 0.010
Concentration (mg/ml)
Fig. 1. Concentration effect of Rg1 on mitosis in onion bulb
root tip cells (24-hour treatment).


























0.0040 0.001 0,002 0.006 0.008 0.010
Concentration (mg/ml)
Fig. 2. Concentration effect of Rg, on mitosis in onion bulb
root tip cells (24-hour treatment followed by 24-hour






















0 0.001 0.002 0.004 0.006 0.008 0.010
Concentration (mg/ml)
Fig. 3. Comparison of the effect of different concentrations of Rg1 on
mitosis in onion bulb root tip cells after 24-hour treatment
(Rg1) and 24-hour treatment followed by 24-hour growth in double


















0.0100.0080.004 0.0060 0.001 0.002
Concentration (mg/mi)
Fig. 4. concentration effect of xb1 on mitosis in onion bulb
root tip cells after 24-hour treatment.


































0 0.001 0 .002 0.004 0.006 0.008 0.010
Concentration (mg/ml)
Fig. 5. Concentration effect of Rb1 on mitosis in onion bulb
root tip cells after 24-hour treatment followed by
24-hour growth in double distilled water.

















0 0.001 0.002 0.004 0.006 0.008 0.010
Concentration (mg/ml)
Fig. 6. Comparison of the effect of different concentrations of Rb1 on
mitosis in onion bulb root tip cells after 24-hour treatment (Rb1)














0 0.001 0.002 0,004 0.006 0.008 0.010
Concentration (mp/ml)












0 0.001 0.002 0.004 0.006 0.008 0.010
Concentration (mg/ml)
Pig.8 Effects of Rg and Rb on mitosis in onion bulb root tip
cells (24--hour treatment followed by 24-hour growth in

















0 6 10 18 243
Hours of treatment



















0 0.001 0.002 0,004 0.006 0.010
Concentration (mg/ml)
Fig. 10. Effect of Rg1 at different concentrations on mitosis
in onion seedling root tip cells.































Fig, 11, Effect of Rb1 at different concentrations on mitosis
in onion seedling root tip cells.

















0.0100 0.001 0.002 0.004 0.006
Concentration (mg/ml)
Fig. 12. Comparison of the effect of Rg1 and Rb1 at different

















Fig. 13. Time course effect of Rg1 and Rb1, both at the concentration of










0 2 10 12 146 8 16 18 20 224 24
Hours after pulse labelling
Fig. 14. Percentages of labelled cells at early prophase and metaphase after
various hours of pulse labelling with 3H--TdR in onion bulb root












102 6 12 14 160 8 184 20 22 24
Hours after pulse labelling
Fig. 15, Percentages of labelled cells at early prophase and. metaphase after
various hours of pulse labelling with 3H-TdR in onion bulb root













10 12 14 18 206 160 8 242 224
Hours after pulse labelling
Fig. 16. Percentage of labelled cells at early prophase and metaphase after
various hours of pulse labelling with 3H-TdR in onion bulb root


















Fig. 17. Time course effect of Rg1 (0.004 mg/ml) on the incorporation





















Fig, 18. Time course effect of Rb1 (0.004 mg/ml) on the incorporation


















610 2 43 5
Hours of treatment
Fig. 19. 6-hour time course effect of Rg1 (0.004 mg/ml) on the uptake of

























Fig. 20. 24-hour time course effect of Rg, (0.004 mg/ml) on the uptake of










1 60 2 3 4 5
Hours of treatment
Fig. 21. 6 hour time course effect of Rb1 (0.004 mg/mi) on the uptake of























Fig. 22. 24-hour time course effect of Rb1 (0.004 mg/m1) on the uptake




















610 2 43 5
Hours of treatment
Fig. 23. 6-hour time course effect of Rg1 (0.004 mg/ml) on the uptake of






















Fig. 24. 24-hour time course effect of Rg1 (0.004 mg/ml) on the uptake






















Fig. 25. 6-hour time course effect of Rb1 (0.004 mg/ml) on the uptake of


















Fig. 26. 24-hour time course effect of Rb1 (0.004 mg/ml) on the uptake












































































































Fig. 27 & 28. Patterns of DNA, RNA and protein syntineses and mitetie indices




















































Fig. 29 & 30. Patterns of DNA, RNA and protein syntheses and mitotic indices
during 24-hour time course treatment with Rb1 (0.004 mg/ml)


